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Abstract 
Pressure-sensitive paint (PSP) technique has been broadly employed for qualitative and quantitative purposes in 
engineering and laboratory because of its prominent advantages of time-saving, cost-efficient and continuous pressure 
distribution since late 1980s, despite of its potential for more precise accuracy. Preliminary tests on supercritical airfoil 
have een conducted with in-house, single-component fluorescent PSP in 0.6h0.6 m transonic wind tunnel by self-
established measurement system. The tunnel was operated at Mach number from0.6 to 0.9 and angles of attack from 
zero to 2 degree. Traditional pressure scanning method, PSI, was employed simultaneously during tests. The fact that 
PSP results are qualitatively consistent with that of PSI displays potential perspective of national PSP applications for 
more details about flow field. 
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1. Introduction 
Drag reduction and lift enhancement of civil transport aircraft concern performance as well as cost. 
Higher lift means the capability of more cargo, and lower drag implies decreased fuel consumption for aero-
engine and enlarged air range for civil transport [1]. Among the technical methods for drag reduction and 
lift enhancement, supercritical airfoil of wing is an effective and popular measure to keep them well 
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balanced via maintaining low pressure distribution with nearly constant value on considerable portion of the 
upper surface and lessening the degree of converse pressure gradient while making local shock waves move 
downstream to trailing edge. Furthermore, investigation on shape modification of supercritical airfoil has 
been under study for more reduction of wave drag. Thus, pressure distributions over the wing surfaces play 
an essential and important role in design or performance improvement of civil transport aircraft by means of 
wind tunnel tests. However, conventional pressure measurement via pressure taps connected with Electronic 
Pressure Scanning (PSI) system could not supply more detailed flow characteristics, such as shock wave 
locations, with higher spatial resolution because of the space requirement between adjacent taps.  
A relatively new pressure measurement technology[2], Pressure-Sensitive Paint (PSP) technique, has 
been developed and improved since 1980’s, which can supply pressure distributions on full surface of 
interest employing polymer photo-luminescent materials with oxygen quenching effect. In general, PSP is a 
kind of compound of probe molecules, adhesive and solvents as well as additional additives, which can be 
applied to surface of interest via airbrush to establish PSP coating. Probe molecules are the function 
component which has the potentials to emit visible luminescence in longer wavelength under appropriate 
frequency excitation (photo-luminescent effect) and to decrease its luminescent intensity by transferring the 
energy absorbed to the oxygen molecules around inside PSP coating (oxygen quenching effect). PSP system 
is the essential and necessary instrumentation to capture the intensity form the excited PSP coating by 
scientific grade cooled CCD cameras and to transfer the intensity to pressure via special image-processing 
software package. The outstanding advantages of PSP technique include overall surface pressure 
measurement, high spatial resolution, relative short period and smaller investment in model manufacture 
and preparation, and adaptability to special model configuration and structure which are difficult for 
pressure taps deployment. Therefore, PSP technique is considered as the most promising testing technology 
in various wind tunnels. NASA, AEDC, TsAGI, DLR, ONERA, ARA etc. have established productive PSP 
system in industrial wind tunnels [2-7] while many institute and universities have been taking more efforts 
in its investigation improving and application.  
PSP technique has become a preferable tool in efforts of drag reduction. Using porphyrin-based PSPs 
(FIB, Uni-Coat, Sol-gel, FEM, and PAR paints), Mebarki and Le Sant [1,2,6] studied the pressure fields on 
the supercritical wing of a Dash 8-100 aircraft model at the cruising Mach number 0.74. And similar 
measurements were conducted in a blow-down pressurized tri-sonic wind tunnel at the Institute of 
Aerospace Research (IAR) under National Research Council (NRC) in Canada. Employing pyrene-based 
PSP self-developed and from Russia respectively, R.H. Engler and C. Klein have conducted pressure 
measurements on oscillating supercritical wing of NLR 7301 airfoil with frequency of 5-40 Hz in DLR 
TWG tunnel [5]. The pressure distributions acquired from the above PSP applications have clearly shown 
the flow characteristics on upper surfaces of interests in details. 
In order to develop and improve intensity-based PSP technique in the High Speed Aerodynamics 
Institute of China aerodynamics Development & Research Center, a campaign of pressure measurements 
have been conducted in a 0.6×0.6 meter scale transonic wind tunnel using fluorescent PSP, adopting pyrene 
derivatives as probe molecules including PSP and conventional pressure measures on an upper surface of 
supercritical airfoil with SC (2)-0714 profile simultaneously. The comparison shows that both results 
accorded with each other qualitatively and that PSP measurement could supply more information of 
pressure distribution on the surface of interest than conventional method. 
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2. Test Facility and Experiments 
2.1. Test facility 
The test facility involving PSP measurements is a trisonic blowdown wind tunnel with test section 
dimensions of 0.6×0.6×2.5 meter, range of Mach number from 0.3 to 4.5, and maximum Reynold number 
of 43 million, as shown by fig.1. The top and bottom walls of this tunnel are fit with porous plates 
respectively within transonic regime and with solid plates at supersonic range. Its side walls are both solid 
plates inserted witKGRXEOHFLUFXODUYLVLEOHZLQGRZVRIĭPPDWHDFKVLGH7KHUHDUHD ODUJHSOHQXP
cabin, with dimensions of 0.5 meter wide and 2.5meters long, located at each side of the tunnel, which 
supplies enough space for deployment of PSP system. Although the top wall has not been modified with 
optical windows convenient for PSP application the side windows should be utilized for PSP image 
acquisition.  
Fig.1. Schematic of 0.6×0.6 m trisonic wind tunnelCoated Test model  
The test article was an SC (2)0714 profile 2D airfoil with chord of 300 mm and effective span of 600 
mm which upper surface coated with homemade  PSP, as figure 2(a) shown. PSP formulation employed 
was a type of pyrene-based fluorescent paint which absorb spectrum ranges from 320 nm to 390 nm with 
the peaks of 320-340 nm and which emission peak locates at 500±20 nm. Its duration is about 3 months 
after mixing and application and 12 months before blending and spraying. After spraying and curing, PSP 
coating shows the color of azure. PSP coating consisted of a white screen layer and a function layer while 
the former used to increase the emission intensity from the latter under illumination. Its total thickness was 
from 40 to 80 micron with that of each layer ranging within 20 to 40 micron. The areas about 50 mm 
spanwise apart from the centerline of the airfoil were coated with black paint for enhancing the luminescent 
image qualities as well as three lines of black markers were placed chordwise facilitated for possible image-
registration. There also exist 32 pressure taps in three chordwise rows on the upper surface, among which 
the one with maximum of 14 taps locate near the centerline. The article was mounted vertically beyond the 
top and beneath the bottom plates with the test section through several connectors.  
2.2. PSP measuring system 
The PSP system involved was self-established from a ultraviolet light source with filters, a scientific 
grade 16 bit cooled CCD camera, and software packages for image acquisition and image processing 
because of lack of systemized instruments for excitation and image acquisition dedicated for PSP 
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measurements. The light source for excitation is a substitute product with the brand of Porta-ray 400 
developed as portable curing system initially. It emits light of broad spectrum, among which total intensity 
portion at 320-390 nm reaches as high as about 0.5 W/cm2 corresponding to the absorb regime of PSP used. 
An auxiliary filter box attached to the front of illumination source was designed and manufactured to select 
appropriate wavelength, whole UVA spectrum here, with two pieces of special filters and a piece of ground 
quartz glass used for enhancing the uniformity of illumination field on the coating surface. The instrument 
for PSP image acquisition was a scientific grade cooled Apogee color CCD camera with 16bit dynamic 
range and practical effective spatial resolution of 800×600 pixels by binning the theoretical 1600×1200 
pixels which is part of standard ISSI demo PSP system. A 52 mm lens was the standard auxiliary deployed 
to the Apogee CCD camera. The software for image acquisition was one part of ISSI software package, 
ISSI OMS, fit to the Apogee color camera. There are two sets of dedicated software packages for image-
processing, ISSI OMS and AFIX2, the latter of which was freely from ONERA website. 
 
 
Fig.2. (a) Photograph of the supercritical airfoil; (b) Test set-up of PSP measurements 
2.3. Test set-up 
As figure.2 (b) shown, the set–up of PSP system was arranged on the bottom plate of the plenum at the 
right side of the tunnel section. Two iron brackets were designed and manufactured to fix UV light source 
attached with filter box, and CCD camera fast with the structure of the test section. A high power blower 
was moored in the plenum to provide the as much air flow into the filter box as possible because the 
temperature inside the filter box should reach over 100ć in about half an hour after being started. There 
were two nozzle spigots arranged at each side of the filter box as inlet and outlet for the air flow from the 
blower and away from the box respectively. Two silver color metallic film pipes were employed, one 
connecting the filter box to the blower and the other guiding the heated air inside the box into the plenum. 
All these measures were utilized to decrease the temperature in the filter box because the spectrum leakage 
of the filters could increase with the temperature in the box. The lens initially equipped with the Apogee 
camera was a 52 mm long focal length type which could not cover the expected area in PSP measurements. 
A substitute of 16 mm fixed focal lens was mounted on the front of the Apogee camera while a prepared 52 
mm filter could not attached to the 16 mm lens for PSP acquisitions which might introduce extra image 
noise since considerable sensitivity of Apogee camera to UVA spectrum. The two optical circular windows 
was replaced by a square windows of 400 mm wide and 800 mm long in order to provide more choices for 
determining the locations of the light source and the camera in the plenum. The model of square optical 
windows was K-9 allowing 30-40% UVA light through it which should be modified later. Another defect 
of this square window was the reflecting effect caused by the light source which could be acquired by the 
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camera to decrease the quality of PSP image. The more efforts had been taken to eliminate or avoid this 
phenomenon. At last, the camera was placed in front of the light source for better effects.  
2.4. Test conditions 
The conditions for PSP tests were shown by table 1 which contained 4 Mach numbers and two angles of 
attack. For more stable illumination, the light source should be operated more than half an hour before 
tunnel wind-on. The camera was set with expose time of 300 ms and about 20 images were captured at 
wind-on and wind-off for each test point. The wind-off images were taken as soon as the tunnel ceased to 
minimize the temperature deference on the surface of interest between the wind-on and wind-off conditions. 
Background images were also captured before tunnel start. Conventional pressure taps method was 
conducted simultaneously with PSP image acquisition for comparison. 
Table1. PSP Test conditions 
No. Mach number Angle of Attack(degree) Angle of Attack(degree) 
1 0.6 0 2 
2 0.7 0 2 
3 0.8 0 2 
4 0.9 0 2 
 
3. Image Processing and Results Discussion 
3.1. Image processing procedure 
The derivative from Stern-Volmer equation for intensity-based method, which describes the photo-
physical processes during PSP measurements, can be formulated as I /Iref =A (T) + B (T) p/pref , Wherein I 
and p denote the emission intensity acquired by photoelectronic detector with gray levels and the local 
pressure value respectively while the subscript ref denotes the reference test or calibration condition; A(T) 
and B(T) are Stern-Volmer constants which both show temperature-dependent determined in calibration.  
Background, wind-on and wind-off images were averaged respectively, to eliminate the photo shot noise 
generated in acquisition, before wind-on or wind-off averaged image subtracted by background averaged 
image. The subtracted wind-on and wind-off image should be realigned before image ratio calculation.  The 
pressure distribution thus can be transferred through a priori or in-situ calibration or their combination. The 
pressure distributions acquired in tests were from in-situ calibration because a priori calibration failed to be 
accomplished due to failure of UV lamp.  
3.2 Results comparison and discussion 
 The comparison of PSP pressure distributions and conventional pressure taps results has been 
completed. Fig.3 to 5 have shown the conditions of AoA=0°at Mach number=0.6, 0.7, and 0.8. 
It should be noticed that the PSP results agree well with those of pressure taps at lower speeds under the 
condition of AoA=0° and that the deference between PSP and pressure taps increases with AoA and Mach 
number. These phenomena result from the lack of filter in front of camera lens and the non-uniformity 
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along the coated upper surface because of the curvature of the airfoil. The effect of compressibility near 
sonic speed might be another reason since its sensitive to the changes in Mach number. Thus, under the 
condition of AoA=2°, the pressure distributions from PSP have become lower than pressure taps results, 
and the location of shock wave or compression wave shown by PSP was located behind that by pressure 
taps, all of which were not displayed here because of the volume limits of this paper. However, these 
phenomena could be found in figure 3 to figure 5. 
 
 
 
 Fig. 3. (a) Pressure distribution with PSP; (b) Comparison of PSP results with PSI data; both under the 
condition of  0.6 M and zero angle of attack 
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Fig. 4. (a) Pressure distribution with PSP; (b) Comparison of PSP results with PSI data; both under the 
condition of  0.7 M and zero angle of attack 
 
 
Fig.5. (a) Pressure distribution with PSP; (b) Comparison of PSP results with PSI data; both under the 
condition of  0.8 M and zero angle of attack 
   It is also evident that there is a sharp pressure gradient near the trailing edge of the supercritical airfoil in 
each pressure distribution photograph. The pressure distribution at leading edge may be incorrect due to 
low signal-to-noise ratio. The irregular pressure profile may result from non-filtered image capture of CCD 
camera, because considerable quantum efficiency of CCD camera in UVA.  
  Furthermore, the qualities of the pressure distributions is not quite good since the reason of paint spraying 
and curing, none sufficient spatial resolution, too bright background light into CCD camera, etc. The 
unevenness on model surface caused by metal block embedding into model slot and deployment of 
inbuilt  PVC canals connecting taps to plastic pipes may be another factor to affect captured image quality. 
All above motioned will be improved and solved. 
4. Conclusion 
The preliminary PSP measurements on the upper surface of supercritical airfoil with SC (2)0714 profile 
have been implemented in the 0.6×0.6 m transonic wind tunnel with conventional pressure tap method 
adopted simultaneously for comparison. The comparison shows that PSP results agree qualitatively with 
pressure taps at least and that PSP distributions has displayed the locations of shock waves or compression 
waves in details. Defects existed in the set-up of PSP system caused the deference with the results from 
pressure taps, which should be considered as primary problem to be solved in future. 
Acknowledgements 
    The authors sincerely appreciate Prof. LIU Bo and Prof. GAO Limin, Thrust and Energy College of 
1167Qiang Zhou et al. / Procedia Engineering 31 (2012) 1160 – 1167
Northwest Polytechnical University and XIE Jue, director of Shanghai BoJun M&E Technology 
Development Co. Ltd for their Friendly and generous supports of relevant measuring instruments in self-
establishment of PSP measuring system. Thanks given to Prof. HUANG Guoping, College of Energy & 
Power Engineering, Nanjing University of Aeronautics and Astronautics and Ph.D. CAO Chuanjun for 
their altruistic assistance in a priori calibration. Thanks also to the colleagues working for 0.6×0.6 m 
trisonic wind tunnel for their duteous endeavor during tests.  
References 
[1] J. Reneaux. Overview on Drag Reduction Technologies for Civil Transport Aircraft. European Congress on Computational 
Methods in Applied Sciences and Engineering, Jyväskylä, July 2004. 
[2] T.S. Liu and J.P. Sullivan. Pressure and Temperature Sensitive Paints. Springer, 2004. 
[3] D.R. Sprinkle, C.J. Obara, et al. Langley 16-Ft Transonic Tunnel Pressure Sensitive Paint System. NASA/TM-2001-211017. 
[4] S.D. Fonov, V.N. Radchenko, V.E. Mosharov. Luminescent Pressure Sensors in Aerodynamic Experiments. TsAGI’s Books, 
No.8005, 1997. 
[5] R.H. Engler and C. Klein. DLR PSP system intensity and lifetime measurements. International Congress on Instrumentation in 
Aerospace Simulation Facilities, 1997. 
[6] Y. Mébarki and Y. Le Sant. Pressure Sensitive Paint Evaluation on a Supercritical Wing at Cruise Speed. Journal of 
Visualization, 2001 Vol. 4 313-322. 
[7] E.Vardaki, N.P. Stokes, S.D. Fonov, et al. Pressure Sensitive Paint Measurements at the ARA Transonic Wind Tunnel. AIAA 
Paper AIAA 2010-4796  
 
